Objectives. To recognize the utility of the surgical Apgar score (SAS) in a noncutaneous head and neck squamous cell carcinoma (HNSCC) population.
T he surgical Apgar score (SAS), designed by Gawande et al 1 in 2007 , was the first attempt to develop an intraoperative assessment score to help predict postoperative outcomes. The score by Gawande et al reflects the structure of the Apgar score developed by Virginia Apgar in the 1950s to assess newborn status. 2 As the Apgar score revolutionized neonatology, Gawande's goal to predict patient outcomes on 3 readily attainable values has the potential to transform perioperative medicine. 3 Originally developed in a broad general and vascular surgery population, lower SASs were strongly associated with increased rates of 30-day morbidity and mortality (M&M). 1 The SAS (Table 1 ) is a 10-point score comprising lowest heart rate (HR) in beats per minutes, lowest mean arterial pressure (MAP) in millimeters of mercury, and estimated blood loss (EBL) in milliliters. Remarkably, since its advent, it has been validated in numerous surgical niches. [4] [5] [6] [7] [8] [9] [10] At present, the closest otolaryngology-related report was based in a small subset of head and neck oncology patients undergoing fibular free flap reconstruction, which was incongruent with the SAS. 11 However, a larger, more general head and neck oncology population has not yet been examined.
A postoperative prediction score has the potential to affect the otolaryngology oncologic population significantly. Head and neck squamous cell carcinoma (HNSCC) is the sixth leading cause of cancer worldwide with an associated 7890 annual US deaths. 12, 13 Moreover, only about one-third of HNSCC cases present early stage.
14 Surgical management of advanced-stage disease is often associated with significant morbidity. Thus, earlier identification and intervention for patients at increased risk of postoperative 30-day M&M may improve surgical outcomes and help with surgical decision making in the immediate postoperative time period. This study aims to evaluate the SASs' applicability to a tertiary HNSCC surgical population.
Methods
Patients were identified by predetermined Current Procedural Terminology (CPT) codes (Supplemental Table S1 , available at in the online version of the article), matching those maintained in the University of Alabama at Birmingham (UAB) Medical Center's electronic medical record (EMR) from April 1, 2012, to March 31, 2015. Total returned records (n = 1323) were reduced to the studied population (n = 563) as detailed in the flowchart (Figure 1) Operative time (OT) was calculated based on the elapsed time in hours from documented incision and closure times. Length of stay (LOS) represents the time in days from date of surgery to date of discharge.
Patient characteristics were summarized using descriptive statistics (mean and standard deviation for continuous variables, frequency and percentage for categorical variables, and 95% confidence interval [CI] for all variables). The primary outcome was 30-day postoperative morbidity. A x 2 (or Fisher exact) test was used to assess the relationships between SAS and patient characteristics. A 2-sample t test, analysis of variance (ANOVA), and x 2 (or Fisher exact) test were used to identify specific demographics and clinical variables that were predictive of 30-day morbidity. To quantify the predictive ability of SAS for 30-day morbidity, a receiver operating characteristic (ROC) curve was constructed with calculated area under the curve (AUC). A multivariable logistic regression was used to identify variables that were predictive of 30-day morbidity while adjusting for potential confounders. To avoid overfitting the model, only variables with P \ .20 in the bivariate analysis were selected for inclusion into the final model. 15 Multicollinearity was assessed using the Spearman correlation matrix and variance inflation factor (VIF). 16 The inclusion criteria for the multivariable model were based on correlation r \ 0.40 and VIF less than 5. [17] [18] [19] The value P \ .05 was considered statistically significant in 2-tailed statistical tests. All analyses were conducted using SAS 9.4 (SAS Institute, Cary, North Carolina). The ROC plot was created using R 3.3.0. 20 Table 2 characterizes the enrolled population (n = 563). Mean age was 60.9 6 11.3 years, and most were male (74.5%). Whites represented 81.8%, African Americans were 16.2%, and 2% were listed as ''other.'' Average BMI was 25.6 6 5.9 kg/m 2 . Few patients self-identified as current smokers (20.8%), and most (88.8%) had poor preoperative health as characterized by ASA scores of 3 or 4. Average OT was 6.6 6 3.2 hours while LOS was 6.1 6 5.8 days. Postoperative 30-day morbidity occurred in 37.1% of patients. SAS distribution was as follows: SAS 1 to 4 (11.6%), 5 to 6 (49.7%), 7 to 8 (33.2%), and 9 to 10 (5.5%). Primary disease sites were diverse: oral cavity (35.4%), oropharynx (27.5%), larynx (22.2%), hypopharynx (3.4%), or ''other''/unknown primary site (11.6%).
Results
While no association was detected for age, sex, BMI, or smoking status, SAS was significantly (P \ .0001) associated with race, ASA status, LOS, OT, tumor site, and AJCC stage ( Table 3) . More specifically, African American patients with higher ASA scores and increased LOS and OT were more likely to have a lower SAS. Primary disease site and AJCC stage were significantly associated with SAS (P \ .0001 and P = .04, respectively). Patients with SAS 1 to 4 more likely had oral cavity (49.2%) or laryngeal (23.1%) primaries with an AJCC stage greater than 3 (61.5%) while those with SAS 9 to 10 mostly manifested oropharyngeal primaries (54.8%) with a less advanced AJCC stage, 1 and 2 (38.7%).
A lower SAS was significantly (P \ .0001) associated with increased morbidity (Table 4) . In fact, 30-day morbidity peaked at SAS 5 to 6 (64.6%) while most patients with an SAS from 7 to 10 (52.0%) did not experience postoperative morbidities. Evaluation of the AUC (0.70; 95% CI, 0.66-0.74; P \ .0001) further highlights that the SAS has predictive ability to discriminate 30-day morbidity from those without (Figure 2) . Patient disease location and stage were associated with increased 30-day morbidity. Those with laryngeal, hypopharyngeal, and oral cavity primaries with an AJCC stage 2 or greater were significantly more likely to experience 30-day morbidity (tumor site: P \ .0001 and AJCC stage: P = .0008, Table 4 ). Furthermore, associations between patient characteristics and morbidity occurrence mirror those when compared to SAS. In fact, longer operations (8.8 6 2.8 hours vs 5.3 6 2.7 hours), increased LOS (10.4 6 6.8 days vs 3.5 6 2.9 days), and increasing ASA status were significantly (P \ .0001) associated with an increased incidence of postoperative 30-day Occurrence of pathologic bradydysrhythmia, including sinus arrest, atrioventricular block or dissociation, junctional or ventricular escape rhythms, and asystole, also receives 0 points for lowest heart rate.
morbidity. Patients with a lower BMI (24.1 6 5.7 kg/m 2 vs 26.5 6 5.9 kg/m 2 ) had a significantly (P \ .0001) greater incidence of 30-day morbidity.
Individual MIP values reveal increased morbidity occurrence in patients with lower SAS (Figure 3) . Higher percent values are represented by a darker red color vs white for 0% values. This trend is conserved regardless of morbidity type (medical vs surgical) and severity (minor complications like postoperative wound infections vs major flap complications requiring further surgical intervention). While limited by morbidity diagnosis incidence, even less common morbidities, including seizure, sepsis, and syndrome of inappropriate antidiuretic hormone (SIADH), occurred in SAS 1 to 4.
The multivariable logistic regression analysis identified BMI, ASA status, and SAS as significant (P \ .05) independent predictors of 30-day morbidity ( Table 5) . Given all other variables in the model are held constant, the likelihood of 30-day morbidity occurrence is 89% less for patients with a SAS score of 9 to 10 relative to those with SAS 1 to 4. In addition, patients with SAS scores of 5 to 6 and 7 to 8 are 56% and 85% less likely to have 30-day morbidity than patients with SAS 1 to 4, respectively. For every 5-unit increase in BMI, the likelihood of experiencing 30-day morbidity is 26% less. Last, for every ASA unit increase, odds of a 30-day morbidity event are increased by over 2-fold.
Discussion
The SAS has successfully shown strong postoperative 30-day M&M predictive abilities among multiple surgical populations. Our study shows the SAS also has utility in a noncutaneous HNSCC population. When SAS decreased, patients were significantly more likely to experience postoperative 30-day morbidity. This association continues even when morbidity diagnoses are considered individually, thereby exhibiting utility regardless of complication severity or type, medical vs surgical. These findings suggest perioperative SAS calculation may serve as a powerful quantitative tool to assist the surgical team in identifying patients at risk for postoperative morbidity events, particularly in the immediate postoperative period. Thus, more aggressive management of low-SAS/''high-risk'' patients may improve postoperative outcomes. Decreased SAS also significantly Denotes statistical significance at P \.05.
(P \ .0001) correlated to increased LOS. This further supports the SASs' prognostic value, implicating the potential effects of improved outcomes and reduction of medical costs if earlier intervention occurred for SAS-determined atrisk patients. However, future prospective studies are needed to appreciate the true clinical value. The nature of head and neck cancer and its functional impact on the aerodigestive tract in addition to the increased metabolic rate secondary to neoplastic growth often leads to a poor nutritional status and cachexia. 21, 22 Interestingly, the results revealed a strong, inverse association between BMI and 30-day morbidity. This follows BMI as a known, effective surrogate measure of presurgical nutritional status. 23, 24 Clinically, improved presurgical nutritional status translates to decreased postoperative morbidity and mortality. 24 Therefore, BMI inclusion into the predicative model may further improve the SASs' prognostic value in this population. Even more, both primary disease location and AJCC stage were associated with SAS values. That is, patients presenting with a more advanced AJCC stage (3) or a primary oral cavity or laryngeal disease correlated to lower SAS values. While a mechanistic explanation of this finding is beyond this study's scope, it may be derived from increased metabolic activity in more advanced disease and increased dysphagia rates secondary to primary location both resulting in poorer patient nutritional status. On the other hand, considering disease stage as a surrogate measure for ablative extensiveness, AJCC stage .3 individuals may be predisposed to increased complication rates as a result of more invasive intervention. These represent hypotheses for future investigation as the nuances of HNSCC are further elucidated. Interestingly, smoking did not have an impact on morbidity prediction. However, smoking is a known strong and independent risk factor for the development of head and neck cancer. 25 This may be secondary to the limitation of self-reported smoking status. In fact, a recent 67-study review found that smokers are often not forthcoming with the truth. 26 Thus, in actuality, with improved variable collection methods, tobacco use may become associated with postoperative 30-day morbidity.
Of note, the studied population had 2 incidences of 30-day mortality after the initial operation. Therefore, the impact of these cases was eliminated from the assessment due to statistical assessment requirements. As such, increased study duration has the potential to collect more 30-day postoperative deaths and thereby allow for analysis with the SAS. Last, the retrospective nature of our study limits the conclusions' strengths, as data analysis is susceptible to clerical errors with both initial documentation and data retrieval.
Conclusion
The SAS is an efficient and robust method for predicting postoperative 30-day morbidity in the head and neck cancer patient population. As its prognostic value continues to increase with positive results in a variety of surgical populations, the SAS has the potential to improve postoperative care.
